Introduction
The northern coast of the state of Bahia (NC) is part of the Tropical Atlantic Domain (Ab'Sáber 1977) and is essentially covered by the Atlantic Forest, a global biodiversity hotspot (Myers et al. 2000) . The Restinga is one of the environments that shape this domain and is continuously distributed along the 200 km of coastal plains of the NC. This is a Quaternary habitat, characterized by sandy soils with high salt concentration, and covered predominantly by herbaceous and shrubby xerophytic vegetation under direct sunlight, the 'open Restinga' of Xavier et al. (2015) .
The fauna and flora of the Restingas may represent a mosaic of species coming from adjacent and contiguous ecosystems, such as the Atlantic Forest (e.g. , Freire 1990; Araújo 1992; Carvalho-e-Silva et al. 2000) . Concerning the Restingas of northeastern Brazil, Xavier et al. (2015) identified them as a biotic element of distinct nature regarding ecological and biogeographical distribution of the anuran fauna, including species from three distinct morphoclimatic domains (Cerrado, Caatinga and Tropical Atlantic domains), which is of great importance because almost all previously known natural biogeographical units in northeastern Brazil were related to forested environments. Although presenting singular biogeographical importance, the NC is under pronounced degradation of its natural areas due to human activities such as agriculture, forestry and tourism (INEMA 2015) , mainly after the construction of the highway BA-099 that has led to the progressive conversion of Restingas into resort areas (Bastazini et al. 2007 ). Furthermore, the faunistic information available in the literature for the NC is concentrated in its southern portion and is derived from occasional and specific studies on certain themes of interest to researchers, many of them not formally published (M.F. Napoli, unpublished data) . This is also the case for the amphibian fauna, for which studies are concentrated in its southern portion and emphasizing forest patches in the Mata de São João municipality (e.g., Juncá 2006 , Bastazini et al. 2007 , Dabés et al. 2012 . Indeed, the amphibians of the northern limit of the NC are represented in herpetological collections mainly by specimens obtained from sporadic and occasional inventories, which points to the urgency in the development of faunistic and ecologic studies for the region. The lack of information about amphibians in their natural environments hinders conservation actions (Rocha et al. 2008) , as is the case for the Restingas of the NC.
The aim of this study is to determine the composition and diversity (richness, dominance and relative abundance of species) of the anuran species in the Restinga of the Conde municipality, northern coast of the state of Bahia, northeastern Brazil, considering both shrubby vegetation and freshwater wetland zones.
Material and Methods

Study Area
The study was carried out in the Conde municipality, northern coast of the state of Bahia (NC), northeastern Brazil (Figure 1 ). The NC is bordered by the municipalities of Salvador and Lauro de Freitas to the south and by the municipality of Rio Real to the north. Along its length there are state environmental protection areas (APAs), but no full conservation units of integral protection. The APA of the North Coast of the state of Bahia -APA NC ("APA do Litoral Norte do Estado da Bahia"; State Decree number 1,046 of 17 March 1992) has the greatest extent (ca. 10 km wide and 200 km long) and covers, from south to north, the municipalities of Mata de São João, Entre Rios, Esplanada, Conde (the study area) and Jandaíra. The main environmental conflicts in the APA of NC are, currently, the disorderly land use, lack of basic sanitation, substitution of natural areas by Pinus and Eucalyptus plantations, indiscriminate intensification of cattle raising, overfishing, degradation of mangroves and predatory tourism in coastal districts (INEMA 2015) . The municipalities of Esplanada, Conde and Jandaíra were considered by Silva et al. (2008) as those with the most conserved areas in the NC due to their smaller degrees of urbanization.
The Conde municipality covers a total area of approximately 965 km² (SEI 2015) and presents the widest coastal plain (314 km 2 ) of the northern coast of the state of Bahia (Esquivel 2006 ). This municipality is bordered to the north by the Jandaíra municipality, to the west by the Rio Real municipality, to the south by the Esplanada municipality and to the east by the Atlantic Ocean. The climate is dois na estação 'mais chuvosa' e dois em estação 'menos chuvosa', utilizando-se 14 unidades amostrais (UAs) e cinco pontos amostrais extras (PEs). Calculamos a dominância e a diversidade de espécies utilizando os índices de Berger-Parker e de Shannon-Wiener-H'. Utilizamos curvas de acumulação de espécies e o estimador Jackknife 1 para estimar a riqueza de espécies de anuros, considerando-se somente os dados obtidos nas UAs. Registramos 713 espécimes de anuros distribuídos em 33 espécies, 13 gêneros e cinco famílias (Bufonidae, Craugastoridae, Hylidae, Leptodactylidae e Microhylidae). As famílias Hylidae e Leptodactylidae apresentaram as maiores riquezas de espécies. Considerando-se somente UAs (estimador Jackknife 1 entre parêntesis) foram registradas 28 espécies na área de estudo (33,9 ± 2,3), 13 nas zonas de moitas (20,8 ± 2,9) e 25 nas zonas úmidas (28,9 ± 1,9). A abundância e a diversidade de espécies para as zonas úmidas (n = 638 espécimes; H' = 2,4) foram superiores às registradas para as zonas de moitas (n = 52 espécimes; H' = 1,9). As zonas de moitas e úmidas exibiram espécies dominantes distintas, sendo Pristimantis paulodutrai a espécie dominante para as zonas de moitas e Scinax fuscomarginatus para as zonas úmidas. A Restinga do município de Conde desponta como aquela de maior riqueza de espécies de anuros já registrada considerando-se somente zonas de moitas e zonas úmidas. Além disso, sua composição de espécies de anuros representou 55% do total de espécies de anuros conhecidas para o LN e incluiu táxons comuns a três diferentes domínios morfoclimáticos (Tropical Atlântico, Cerrado e Caatinga). Palavras-chave: inventário, riqueza de espécies, zonas úmidas, zonas de moitas, planícies costeiras. classified by the Köppen climatic classification system as Tropical without dry season (Af). The average monthly temperature varies from 23°C to 27°C and the monthly rainfall from 61 to 264 mm, with more intense rainfall from April to July (Alvares et al. 2013) .
The NC coastal plains are characterized as valleys partially filled with sandy deposits of marine and continental origins, in association with climate changes and marine transgressions and regressions during the Quaternary (Soares & Dominguez 2012) . The sampled area studied herein was positioned alongside the coastline on areas of Holocene and Pleistocene deposits known as marine terraces (see Dominguez et al. 1999 , Esquivel 2006 , Nogueira 2006 and Bittencourt 2010 for geological-geomorphological descriptions and maps). Wetlands of a mosaic of shapes and sizes occur in the lowlands between these deposits, also present in the inland valleys associated with the Barreiras Formation of Tertiary age (Coastal Tablelands). This landscape holds a mosaic of different types of ecosystems, such as Restingas, wetlands (marshes and swamps), mangroves, dunes and riparian and ombrophilous forests (Esquivel 2006) . Among them, we identified within the Restinga environment two main categories of physiognomies that could potentially be considered anuran habitats: shrubby vegetation zones and freshwater wetland zones (Figure 2 ). The shrubby vegetation zones (SVZ) were characterized by the presence of sandy soil covered by shrub and herbaceous vegetation, absence of water bodies, with or without terrestrial tank bromeliads. This physiognomy is equivalent to the 'shrub vegetation at the beach zone' of Bastazini et al. (2007) and to the 'Restinga em Moitas' of Menezes et al. (2009) . The freshwater wetland zones (FWZ) are characterized by the presence of permanent or temporary freshwater bodies, with or without herbaceous and shrub vegetation on its margins. The wetlands sampled herein correspond to the freshwater marshes of Esquivel (2006) and Nogueira (2006) , habitats dominated by herbaceous rather than woody plant species.
Research Design and Field Methods
For each physiognomy (SVZ and FWZ) we selected seven areas separated from one another by at least one kilometer to minimize biases due to pseudoreplication (Hurlbert 1984) . In each sampling area a sample unit was established (SUs or Plots: SVZ P1-P3, P8-P11; FWZ P4-P7, P12-P14), totaling 14 SUs measuring 60 x 25 m each. In addition to these SUs, other five extra sample plots (EPs) were surveyed for anurans to complement the species inventory, four of them (EP1-EP4) located on the northernmost frontal dune near the Itapicuru river mouth and one located near the city of Conde (EP5). These extra sampling areas were not considered in the statistical analyses because they did not receive the same sampling effort designed for the SUs. Geographical coordinates of the SUs and EPs are in Table 1 .
We sampled SUs in four periods of five consecutive days each: two periods over the main rainy season (15 to 21 May and 17 to 23 July 2015) and two in a lesser rainy period (10 to 16 September and 12 to 17 November 2015) . To control for temporal biases in the characterization of the SUs, during each field campaign we distributed 50% of the SUs into shrubby vegetation zones and the other 50% into freshwater wetland zones. In the first and third sampling periods we sampled four SUs per physiognomy (P1-P8) and on the second and fourth sampling periods three SUs per physiognomy (P9-P14). Landscapes in the Restinga of the Conde municipality, northern coast of the state of Bahia, northeastern Brazil, in which the sample units (SUs) and extra sample plots (EPs) were placed. (A) P1, a typical shrub zone, characterized by sandy soil covered by many shrubs and herbaceous vegetation; in detail at the bottom right corner terrestrial bromeliads, the main source of water and shelter for anuran species in shrubby vegetation zones; (B) P5, a marsh with reeds at its margins providing vegetal stratification; (C) P4, a freshwater wetland without vegetal stratification at its borders, characterized as a temporary pond on sandy soil the surroundings of which were covered by grasses; (D) P13, southernmost SU of the study area, placed at freshwater wetlands near forest remnants; (E) EP3, frontal dune near the northern coastal limits of the Conde municipality, featuring the shrub vegetation at the top of the image. Photographs: R.O. Abreu, 16 May 2015. To obtain species composition, richness and abundance we sampled anuran species using only active search. We looked for anurans in each SU for 20 min a day, from 18:00 to 23:00 h, over five consecutive nights per campaign, totaling 500 min of active search per SU per field campaign. We covered each SU with homogeneous effort (i.e., without directing effort to a certain species or only vocalizing species) with a team of five researchers. All observers surveyed simultaneously each SU and the sequences of visitation to SUs were changed randomly during the sampling period. This procedure was performed in all campaigns for the 14 SUs, totaling 233 hours of sampling effort considering the four campaigns. Voucher specimens (n = 187) were collected and deposited in the Amphibian Collection of the Museu de Zoologia da Universidade Federal da Bahia (UFBA; Appendix 1), respecting the maximum number of individuals per species allowed by the collection license issued by the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA). Specimens exceeding this maximum number were returned to nature after the sampling period was over in the same SUs where they were collected. Identification of the taxa was performed by analyzing the vocalizations and/or comparison with samples from the Museu de Zoologia da Universidade Federal da Bahia. We followed Frost (2015) for taxa nomenclature.
Data Analysis
For all statistical analyses we only considered anuran specimens captured in SUs. To estimate anuran species richness, we produced sample-based accumulation curves (sensu Gotelli & Colwell 2001) using 1000 randomizations on the order of samplings. Each night of observation corresponded to a sample, resulting in 70 samples per physiognomy and 140 samples for the overall study area. We used the species richness estimator Jackknife 1 (first order) to determine the expected richness of anurans (Magurran 2004) . Both analyses were performed with EstimateS software, v. 9.1.0 (Colwell 2013) . Species abundance distributions were analyzed visually through column charts. We used the Berger-Parker index as a measure of dominance (percentage of the most abundant species); the Gaston's quartile criterion to define commonness and rarity (rare species are those that fall in the lower quartile of the species abundance distribution); the Shannon-Wiener index H' to calculate species diversity; and the Pielou's index J' as an evenness measure (Magurran 2004) . The latter analyses were performed with Past software, v. 2.15 (Hammer et al. 2001) .
Results
We sampled a total of 713 individuals, distributed in five families (Bufonidae, Craugastoridae, Hylidae, Leptodactylidae and Microhylidae), 13 genera and 33 species (Table 2; . Almost all species are categorized as Least Concern by the IUCN (2015) , except for Scinax cretatus and S. melanodactylus, for which the conservation status has not yet been evaluated. The family Hylidae showed the highest species richness (20 species, 60.6%), followed by Leptodactylidae (9 species, 27.3%). The remaining families combined accounted for 12.1% of the species richness (4 species). Considering only the SUs, we recorded 690 individuals distributed in five families, 13 genera and 28 species, in which the most abundant species were Scinax fuscomarginatus (n = 145 individuals, 21%), Pseudopaludicola mystacalis (n = 121, 17.5%), Leptodactylus macrosternum (n = 66, 9.5%) and Pleurodema diplolister (n = 64, 9.2%). These four species accounted for 57.2% of the total number of sampled individuals (Figure 7) were not vouchered. The specimen identified here as D. oliveirai was putatively attributed to this species because it also resembles D. decipiens and D. minusculus. These species are highly polymorphic to external morphology and color patterns (Zina et al. 2014) and their specific limits remain unclear. The species accumulation curves tended to asymptotes for FWZ and the overall study area, but not for SVZ (Figure 8 ), which suggests that not all anuran species that potentially inhabit the latter physiognomy were recorded. The species richness estimator Jackknife 1 estimated 33.9 ± 2.3 anuran species for the overall study area [28 species observed in SUs; 33 species combining SUs and EPs], 28.9 ± 1.9 species to FWZ (25 species observed in SUs; 30 species combining SUs and EPs) and 20.8 ± 2.9 species for SVZ (13 species observed both in SUs and SUs plus EPs). See Table 3 for additional diversity data. The FWZ showed the highest species richness among the sampled environments (25 species, 89.3%) and SVZ the lowest (13 species; 46.4%) ( Table 3 ). The family Hylidae had the highest species richness in both physiognomies, followed by Leptodactylidae: FWZ (14 species and eight species, respectively); SVZ (six species and five species, respectively). Regarding species abundances, the highest value was observed for the FWZ (638 individuals, 92.4%) and the lowest for SVZ (52 individuals, 7.5%). Ten species were common to both physiognomies: Leptodactylus fuscus, L. natalensis, L. troglodytes, Physalaemus albifrons, Pleurodema diplolister, Pristimantis paulodutrai, Rhinella jimi, Scinax fuscomarginatus, S. melanodactylus and S. x-signatus. The highest species diversity was obtained for FWZ (H' = 2.4) and the lowest for SVZ (H' = 1.9), although the evenness was equal for both physiognomies (J' = 0.76).
The species dominance pattern (evenness) was similar for both physiognomies and for the overall study area (Table 3; Figure 7) . The same dominant species were observed for the FWZ and overall study area, but not for the SVZ that had a distinct dominant species, indicating that the former contributed more toward the dominance of the overall study area than the latter. In the FWZ, the dominant species was Scinax fuscomarginatus (144 individuals, 22.6%) and in the SVZ, Pristimantis paulodutrai (18 individuals, 34.6%). Using the Gaston's criterion for species commonness and rarity, in the overall study area eight species were considered common, 12 species intermediate and eight species rare; in the freshwater wetland zones, eight species were common, eight species intermediate and nine species rare; and in the shrubby vegetation zones, four were common, two were intermediate and seven were rare. There were exclusive species to each physiognomy:
FWZ -Dendropsophus branneri, D. minutus, D. nanus, D. rubicundulus, Dermatonotus muelleri, Hypsiboas albomarginatus, H. faber, H. raniceps, Leptodactylus macrosternum, L. vastus, Pseudopaludicola mystacalis, Rhinella granulosa, Scinax auratus, S. cretatus and S. eurydice; SVZ -Phyllodytes melanomystax, Phyllomedusa bahiana and Trachycephalus atlas.
Discussion
The Restinga of the Conde municipality in the state of Bahia, Brazil, stands out as the second locality with the highest anuran species richness recorded for a Restinga environment (33 species), whereas the highest (34 species) was obtained for the Restinga of the Mata de São João municipality (Bastazini et al. 2007; Telles et al. 2012 , Oliveira & Rocha 2015 , Xavier et al. 2015 , both of them located in the northern coast (NC) of the state of Bahia. Currently, 62 nominal species of amphibians are known for the NC (M.F. Napoli, L.M. Silva and R.O. Abreu, unpublished data), 60 species of Anura [including an exotic species, Lithobates catesbeianus (Shaw, 1802)] and two species of Gymnophiona [Chthonerpeton noctinectes da Silva, Britto-Pereira & Caramaschi, 2003 and Siphonops annulatus (Mikan, 1820) ]. Of the 60 anuran species listed by M.F. Napoli, L.M. Silva and R.O. Abreu (op. cit.) , 33 species (not exotic) were recorded for the 'open Restinga' of the Conde municipality, totaling 55% of the nominal species recorded for the NC. Previous studies conducted in the NC at the Mata de São João municipality (Juncá 2006 , Bastazini et al. 2007 ) obtained similar anuran species richness (25 and 34 species, respectively). Nonetheless, Juncá (2006) sampled only forested environments at the Reserva Sapiranga and Bastazini et al. (2007) sampled the same habitats used by Juncá (2006) plus the riparian forest of the Timeantube River and shrub vegetation zones at Praia do Forte. As our study considered only shrubby vegetation zones and freshwater wetland zones of 'open' areas, the previous results do not permit direct comparisons with ours, with the exception of the study by Bastazini et al. (2007) for Praia do Forte.
In the Restinga of the Conde municipality we recorded 20 anuran species not registered for the Restinga of Praia do Forte (but six of them were registered at the Reserva Sapiranga), 12 species were common to both Restingas and two species were unique to Praia do Forte [but restricted to the riparian forest, Chiasmocleis sp. and Itapotihyla langsdorffii (Duméril & Bibron, 1841) ]. Although this result represents 57.6% more anuran species for the Restinga of the Conde municipality, it should be analyzed with caution, because (i) the total extension area analyzed by Bastazini et al. (2007) at Praia do Forte was smaller than that considered in the present study, (ii) these authors did not emphasize the water bodies of the region and (iii) the exclusive species recorded at the Restinga of the Conde municipality are common species in the wetlands of the NC (M.F. Napoli, L.M. Silva and R.O. Abreu, unpublished data), which are likely to disperse throughout the contiguous coastal plains separating these two areas of study.
At the study area, the highest anuran species richness and diversity were observed in wetlands. The presence of water bodies is preponderant in determining species richness (Babbitt & Tanner 2000) and marshes with reeds also provide vertical substrates that increase the amount of microenvironments available to anurans (Ehrlich 1993 , Stiling 1996 . The lowest species richness was observed in the shrubby vegetation zones, which is an understandable consequence, considering that these environments have low water availability, a limiting factor for the occurrence of amphibians that depend on it for their osmotic balance and/or as breeding sites (Duellman & Trueb 1994) . On the other hand, the accumulation curve obtained for the shrubby vegetation zones with the Jackknife 1 estimator did not reach an asymptote and estimated a higher species richness than that actually observed (estimated 20.8 ± 2.9 species, observed 13 species). This result is possibly due to the uniques and singletons found in the shrubby vegetation zones that did not decrease with increasing sampling effort, as discussed by Toti et al. (2000) . Furthermore, it is noteworthy that three of these singletons were common species in wetlands (S. fuscomarginatus, Pleurodema diplolister and Leptodactylus fuscus) and therefore may be eventually using the shrubby vegetation zones.
Although the sampled shrubby vegetation zones lacked water bodies, more complex plant stratification environments, such as bushes, create different microenvironments, decrease the incidence of direct sunlight and favor the formation of wetter soils by organic matter accumulation, providing humidity and temperatures appropriate to maintain greater diversity of anurans than those areas devoid of vegetation stratification (Xavier & Napoli 2011) . Furthermore, some SUs in shrubby vegetation zones had terrestrial tank bromeliads (Figure 2A) , plants that retain moisture between their leaves and accumulate water inside the leaf-tank (Freitas et al. 2000 , Cogliatti-Carvalho 2001 . In shrubby vegetation zones, terrestrial tank bromeliads are the only source of water supply to maintain the minimum physiological needs of anurans (Dabés et al. 2012) and are considered fundamental ecological units in the Restinga ecosystem since they are used by many wildlife groups for shelter and/or as breeding sites (Peixoto 1995 , Richardson 1999 , Carvalho-e-Silva et al. 2000 , Schneider & Teixeira 2001 , Teixeira et al. 2002 . The phytotelm-dweller hylids Phyllodytes melanomystax and Trachycephalus atlas were exclusively observed in these bromeliads, although as singletons. Trachycephalus atlas uses temporary puddles to oviposition and for the development of its tadpoles (Barreto et al. 2015) , and therefore the presence of an adult specimen in a bromeliad of the shrubby vegetation zone is possibly associated with its use as shelter. Phyllodytes melanomystax, on the other hand, is a bromeligenous treefrog (sensu Peixoto 1995), i.e. it uses bromeliads throughout its life cycle for breeding and feeding, which explains its restriction to tank bromeliads of this physiognomy. Bastazini et al. (2007) indicated that terrestrial tank bromeliads were among the environmental variables that explained most of the changes in the anuran composition from the Restinga of the Mata de São João municipality. Moreover, P. melanomystax was the most frequent species in terrestrial tank bromeliads at Praia do Forte.
The family Hylidae showed the highest species richness in the Restinga of the Conde municipality, which coincides with the pattern already reported for the Restinga of the Mata de São João municipality (Juncá 2006 , Bastazini et al. 2007 ) and for other Restingas in Brazil (e.g., Rocha et al. 2008 , Narvaes et al. 2009 , Zina et al. 2012 , Oliveira & Rocha 2015 . In the wetland zones, the dominant species was Scinax fuscomarginatus (Table 3 ). This small-sized hylid is commonly associated with reeds and other emergent plants in temporary ponds and lagoons (Brasileiro et al. 2005 , Van-Silva et al. 2007 , Serafim et al., 2008 , similar to those observed in the wetlands of the study area ( Figure 2B, D) , except for the SU P4. This SU differed from the others by not showing plant stratification, being essentially characterized as a temporary pond in sandy soil the surroundings of which were covered by grasses ( Figure 2C ). The dominant anuran species at P4 was the leptodactylid Pseudopaludicola mystacalis, a small-sized terrestrial and semiaquatic species that is abundant in wetlands of opens formations (Silva et al. 2008 , Ribeiro-Junior & Bertoluci 2009 , Valdujo et al. 2011 . In shrubby vegetation zones the dominant species was a Terrarana, the craugastorid Pristimantis paulodutrai, the most abundant species in forested areas of the NC (Bastazini et al. 2007) . Pristimantis paulodutrai is a small-sized direct-developing frog with terrestrial breeding (Napoli et al. 2009 ), like other Terrarana (Hedges et al. 2008 ). This mode of reproduction allows this species to breed in environments deprived of water bodies (Xavier & Napoli 2011) . Furthermore, P. paulodutrai has a low dehydration rate and high rate of rehydration from a neutral substrate (Dabés et al. 2012) , which helps to explain its ability to occupy different types of environments, including those under high osmotic stress, as is the case of shrubby vegetation zones.
The species composition observed for the Restinga of the Conde municipality deserves additional comments. The Restingas of northeastern Brazil were singled out by Xavier et al. (2015) as a unique biotic element with respect to ecological and biogeographic distribution of anuran species, including taxa from three distinct morphoclimatic domains (Tropical Atlantic, Cerrado and Caatinga). These authors also highlighted the existence of small and sparse relictual patches of Cerrado and Caatinga in the NC, some of them contiguous with Restinga environments, which could explain the presence of anuran species from three different morphoclimatic domains (see Xavier et al. 2015 for the discussion on the possible relationship between these relictual patches of Cerrado and Caatinga habitats and climatic fluctuations of the last period of the Quaternary).
The Restinga of the Conde municipality contains 87% of the anuran species found in the northeastern biotic element studied by Xavier et al. (2015) , a natural biogeographical unit. Natural biogeographical units are basic units of comparison in many ecological and evolutionary large-scale studies and are areas that should be evaluated when planning the conservation of biota, once they allow the understanding of both the evolutionary history of taxa and areas (Lomolino et al. 2006 , Xavier et al. 2015 . Moreover, the Restinga of the Conde municipality stands out as the one with the highest anuran species richness already recorded considering only shrubby vegetation zones and freshwater wetland zones. In this context, the Restinga of the Conde municipality seems to be an important region for the conservation of the biota of the northern coast of the state of Bahia.
